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TRANSMITTAL LETTER TO THE UNITED ST/^fe ATTORNEY'S DOCKET NUMBER 50063 

DESIGNATED/ELECTED OFFICE (DO/EO/US) ^5d5S^ 
CONCERNING A FILING UNDER 35 U.S.C. 371 U.S. APPLICATION NO. (If known, see 37 CFR 1 .5) 

INTERNATIONAL APPLICATION NO. INTERNATIONAL FILING DATE PRIORITY DATE CLAIMED 
PCT/EP00/05256 7 June 2000 17 June 1999 

TITLE OF INVENTION: SUPPORTED CATALYST FOR OLEFIN POLYMERIZATION 

APPLICANT(S) FOR DO/EO/US Matthias KOCH, Martin STORK, Markus KLAPPER, Klaus MUELLEN, Heike GREGORIUS, 

Ursula RIEF 

Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following 
items and other information: 

1 . IYJ This is a FIRST submission of items concerning a filing under 35 U.S.C. 371 . 

2. / / This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371 . 

3. fYJ This express request to begin national examination procedures (35 U.S.C.371 (f)) at any time rather than delay examination until 

the expiration of the applicable time limit set in 35 U.S.C. 371 (b) and PCT Articles 22 and 39(1). 

4. /x / A proper Demand for International Preliminary Examination was made by the 1 9th month from the earliest claimed priority date. 

5. /X/ A copy of the International Application as filed (35 U.S.C. 371 (c)(2)). 

a. /X/ is transmitted herewith (required only if not transmitted by the International Bureau). 

b. / / has been transmitted by the International Bureau. 

c. / / is not required, as the application was filed in the United States Receiving Office (RO/USO). 

6. IYJ A translation of the International Application into English (35 U.S.C. 371 (c)(2)). 

7. /X / Amendments to the claims of the International Application under PCT Article 1 9 (35 U.S.C. 371 (c)(3)). 

a./X / are transmitted herewith (required only if not transmitted by the International Bureau), 

f b./ / have been transmitted by the International Bureau. 

c./ / have not been made; however, the time limit for making such amendments has NOT expired. 

6.1 1 have not been made and will not be made. 

8. / X / A translation of the amendments to the claims under PCT Article 1 9(35 U.S.C. 371 (c)(3)). 

9. / / An oath or declaration of the inventor(s)(35 U.S.C. 1 71 (c)(4)). 

10. / / A translation of the annexes to the International Preliminary Examination Report under PCT Article 36 (35 U.S.C. 371 (c)(5)). 
Items 1 1 . to 1 6. below concern other document(s) or information included: 

1 1 ./X / An Information Disclosure Statement under 37 CFR 1 .97 and 1 .98. 

12. / X / An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is included. 

13. /x / A FIRST preliminary amendment. 

// A SECOND or SUBSEQUENT preliminary amendment. 

14. // A substitute specification. 

15. // A change of power of attorney and/or address letter. 

1 6. /x / Other items or information. 

International Search Report 

International Preliminary Examination Report 
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U.S. Appln. No. (If Known) INTERNATIONAL APPLN. NO. ATTORNEY'S DOCKET NO. 

PCT/EP00/05256 50063 

1 7. 1X1 The following fees are submitted CALCULATIONS PTO USE ONLY 

BASIC NATIONAL FEE (37 CFR 1 .492(a) (1)-(5)): 
Search Report has been prepared by the 

EPO or JPO $890.00 890.00 

International preliminary examination fee paid to USPTO 
(37 CFR 1.482) $710.00 

No international preliminary examination fee paid to 
USPTO (37 CFR 1 .482) but international search fee paid 
to USPTO (37 CFR 1 .445(a)(2)) $740.00 

Neither international preliminary examination fee 
(37 CFR 1 .482) nor international search fee 
(37 CFR 1 .445(a)(2)) paid to USPTO $ 1 ,040.00 

International preliminary examination fee paid to 
USPTO (37 CFR 1 .482) and all claims satisfied pro 
-visions of PCT Article 33(2)-(4) $100.00 

ENTER APPROPRIATE BASIC FEE AMOUNT = $ 890.00 

Surcharge of $1 30.00 for furnishing the oath or declaration 
later than / / 20 / /30 months from the earliest 
claimed priority date (37 CFR 1 .492(e)). 

Claims Number Filed Number Extra Rate 

Total Claims 10 -20 X$18. 

Indep. Claims 2 -3 X$84. 

+280. 



TOTAL OF ABOVE CALCULATION 


890. | 


Reduction of 1/2 for filing by small entity, if applicable. 




Verified Small Entity statement must also be filed 




(Note37CFR1.9, 1.27,1.28). 




SUBTOTAL 


890. 


Processing fee of $1 30. for furnishing the English 




translation later than / /20 / /30 months from the 




earliest claimed priority date (37 CFR 1 .492(f)). + 


I 


TOTAL NATIONAL FEE 


890. | 


Fee for recording the enclosed assignment (37 CFR 1 .21 (h)). 




The assignment must be accompanied by an appropriate cover 




sheet (37 CFR 3.28, 3.31 ) $40.00 per property = 


40. | 


TOTAL FEES ENCLOSED 


$ 930.00 | 


Amount to be 


refunded: 


$ 


Charged 


$ 



a. /X/ A check in the amount of $ 930.00 to cover the above fees is enclosed. 

b. / / Please charge my Deposit Account No. in the amount of $ to cover the above fees. A duplicate copy of this sheet 

is enclosed. 

c. /X/ The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any overpayment to Deposit 

Account No. 11-0345 . A duplicate copy of this sheetis enclosed. 

NOTE: Where an appropriate time limit under 37 CFR 1 .494 or 1 .495 has not been met, a petition to revive (37 CFR 1 .1 37(a) or (b) must 
be filed and granted to restore the application to pending status. 



SEND ALL CORRESPONDENCE TO : 
KEIL& WEINKAUF 
1101 Connecticut Ave., N.W. 



Washington, D. C. 20036 NAME 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re the Application of 

KOCH et al. ) BOX PCT 

International Application 
PCT/EP 00/05256 

Filed: June 7, 2000 
For: SUPPORTED CATALYST FOR OLEFIN POLYMERIZATION 

PRELIMINARY AMENDMENT 

Honorable Commissioner of 
Patents and Trademarks 
Washington, D.C. 20231 

Sir: 

Prior to examination, kindly amend the above-identified application as follows: 
IN THE CLAIMS 

Kindly amend the claims as shown on the attached sheets. 

REMARKS 

The claims were amended in the preliminary examination. The claims have been 
amended further to eliminate multiple dependency and to place them in better form for U.S. 
filing. No new matter is included. 

A clean copy of the claims is attached. 

Favorable action is solicited. 

Respectfully submitted, 
KEIL& WEINKAUF 

/JffiZJL 

Herbert B. Keil 
Reg. No. 18,967 

1101 Connecticut Ave., N.W. 
Washington, D.C. 20036 



(202)659-0100 
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CLEAN VERSION OF AMENDED CLAIMS - OZ 0050/50063 
1 . A supported catalyst for olefin polymerization comprising 

A) as support material, a copolymer comprising at least the monomer units I, 

II and III, 

where the monomer units I have the formula (I) and the 
monomer units II have the formula (II), 




where the variables have the following meanings: 
R 1 is hydrogen, C^C^alkyl or phenyl, 

R 2 is substituted or unsubstituted aryl or branched or unbranched alkyl or alkenyl, 
A 1 is directed chemical bond or a substituted or unsubstituted phenylene group, 
R 3 are identical or different and are each hydrogen, C r C 10 -alkyl or substituted or 

unsubstituted phenyl, 
p is an integer from 0 to 8, and 

R A to R 7 are hydrogen, C^C^-alkyl or substituted or unsubstituted phenyl 

and the monomer units III have polar groups, 

1 



JLfMlOW 131 ■« Q5I6S3 

CLEAN VERSION OF AMENDED CLAIMS - OZ 0050/50063 
and 

B) at least one metallocene complex of the formula (V) 




z 



where the substituents and indices have the following meanings: 

M is titanium, zirconium, hafnium, vanadium, niobium, tantalum or 

chromium or an element of transition group III of the Periodic Table 

and of the lanthanides, 
X is fluorine, chlorine, bromine, iodine, hydrogen, C^C^-alkyl, C 6 - 

C 15 -aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl 

radical and from 6 to 20 carbon atoms in the aryl radical, -OR 22 or - 

NR 22 R 23 , 

n is 1 , 2 or 3, where n corresponds to the valence of M minus 2, 

where 

R 22 and R 23 are C^C^-alkyl, C 6 -C 15 -aryI, alkylaryl, arylalkyl, fluoroalkyl or fluoroaryl, 
each having from 1 to 10 carbon atoms in the alkyl radical and from 6 to 
20 carbon atoms in the aryl radical and 
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CLEAN VERSION OF AMENDED CLAIMS - OZ 0050/50063 
the radicals X are identical or different, 

R 17 to R 21 are hydrogen, 0,-C^-alkyl, 5- to 7-membered cycloalkyl which may 
in turn bear C^C^-alkyl groups as substituents, C 6 -C 15 -aryl or 
arylalkyl, where two adjacent radicals may together form a 
saturated or unsaturated cyclic group having from 4 to 15 carbon 
atoms, or Si(R 24 ) 3 where 

R 24 is C^C^-alkyl, C 3 -C 10 -cycloalkyl or 

C 6 -C 15 -aryl and 

z is as defined for X or is 

R 29 




where the radicals 

R 25 to R 29 are hydrogen, C r C 1cr alkyl, 5- to 7-membered cycloalkyl which may 
in turn bear C r C 10 -alkyl groups as substituents, C 6 -C 15 -aryl or 
arylalkyl, where two adjacent radicals may together form a 
saturated or unsaturated cyclic group having from 4 to 15 carbon 
atoms, or Si(R 30 ) 3 where 
R 30 is d-Cto-alkyl, C 3 -C 10 -cycloalkyl or C 6 -C 15 -aryl, 

or the radical R 20 and Z together form an -R 31 -A-group where 
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CLEAN VERSION OF AMENDED CLAIMS - OZ 0050/50063 

R32 r32 R 32 R32 

III I 

R 31 is M l-_ , M i M i , M i CR 2 34 - — 

I II I 

R33 r3 3 R 33 R33 

R 32 R 32 R32 R 32 

i ill 

C ' O M 1 , C C ' 

i iii 

R 33 R 33 R33 R 33 

= BR 32 , = AIR 32 , -GG-, -Sn- f -O- , -S-, = SO, 

where = so 2 , = nr 32 , - co, = pr 32 or - p(o>r 32 , 

R 32 , R 33 and R 34 are identical or different and are each a hydrogen atom, a halogen 

atom, a C^C^-alkyl group, a d -C 10 -fluoroalkyl group, a C 6 -C 10 -fluoroaryl group, 
a C 6 -C 10 -aryl group, a C^C^-alkoxy group, a C 2 -C 10 -alkenyl group, a C 7 -C 40 - 
arylalkyl group, a C 8 -C 40 -arylalkenyl group, or a C 7 -C 40 -alkylaryl group or two 
adjacent radicals together with the atoms connecting them form a saturated or 
unsaturated ring having from 4 to 15 carbon atoms, and 
M 1 is silicon, germanium or tin, 

A is O , — s , ^>R 35 or ^>R 3 ^, 

where 

R 35 is (VCu-alkyl, C 6 -C 15 -aryl, C 3 -C 10 -cycloalkyl, C 7 -C 18 -alkylaryl or 

Si(R 36 ) 3 , where 

r36 is hydrogen, C r C 10 -alkyl, C 6 -C 15 -aryl which may in turn bear C r C 4 - 

alkyl groups as substituents or C 3 -C 10 -cycloalkyl, 
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CLEAN VERSION OF AMENDED CLAIMS - OZ 0050/50063 
or the radicals R 20 and R 28 together from an -R 31 -group 

and 

C) is at least one compound capable of forming metallocenium ions. 

3. A supported catalyst as claimed in claim 1 , wherein the copolymer A) is 
crosslinked via the monomer units II. 

4. A supported catalyst as claimed in claim 1 which further comprises, as additional 
component D), one or more metal compounds which are different from C) and 
have the formula (X) 

M 3 (R 38 )r(R 39 )s(R 40 )t (X) 

where 

M 3 is an alkali metal, an alkaline earth metal or a metal of main group III of 

the Periodic Table, i.e. boron, aluminum, gallium, indium or thallium, 
R 38 is hydrogen, C r C 10 -alkyl, C 6 -C 15 -aryl, alkylaryl or arylalkyl or alkoxy each 

having from 1 to 10 carbon atoms in the alkyl radical and from 6 to 20 

carbon atoms in the aryl radical, 
R 39 and R 40 are hydrogen, halogen, C r C 10 -alkyl, C e -C 15 -aryl, alkylaryl, arylalkyl or 

alkoxy each having from 1 to 10 carbon atoms in the alkyl part and from 6 

to 20 carbon atoms in the aryl part, 
r is an integer from 1 to 3 

and 

s and t are integers from 0 to 2, where the sum r+s+t corresponds to the 
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CLEAN VERSION OF AMENDED CLAIMS - OZ 0050/50063 
valence of M 3 . 

6. A process for preparing supported catalysts as claimed in claim 1 , which 

comprises preparing copolymers comprising the monomer units I, II and III in 
solution or dissolving the copolymers in a suitable solvent after they have been 
prepared and adding the metallocene complex B) and the compound C) capable 
of forming metallocenium ions to this solution. 

8. A process for preparing supported catalysts as claimed in claim 6, wherein the 
copolymer A) is pretreated with compounds of the formula (X) prior to the 
addition of metallocene complex B) and compound C) capable of forming 
metallocenium ions. 

1 0. A process for the polymerization of olefins in the presence of a supported 
catalyst as claimed in claim 1. 



6 
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MARKED VERSION OF AMENDED CLAIMS - OZ 0050/50063 
1 . A supported catalyst for olefin polymerization comprising 

A) as support material, a copolymer comprising at least the monomer units I, 

II and III, 

where the monomer units I have the formula (I) and the 
monomer units II have the formula (II), 



R2 



(I) 



A* 



R 7 



p 

Rt 




R5 ~ R6 

where the variables have the following meanings: 
R 1 is hydrogen, C^C^alkyl or phenyl, 

R 2 is substituted or unsubstituted aryl or branched or unbranched alkyl or alkenyl, 
A 1 is directed chemical bond or a substituted or unsubstituted phenylene group, 
R 3 are identical or different and are each hydrogen, C 1 -C 10 -alkyl or substituted or 

unsubstituted phenyl, 
p is an integer from 0 to 8, and 

R 4 to R 7 are hydrogen, C r C 10 -alkyl or substituted or unsubstituted phenyl 

and the monomer units III have polar groups, 
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MARKED VERSION OF AMENDED CLAIMS - OZ 0050/50063 
and 

B) at least one metal locene complex of the formula (V) 




(V) 



where the substituents and indices have the following meanings: 

M is titanium, zirconium, hafnium, vanadium, niobium, tantalum or 

chromium or an element of transition group III of the Periodic Table 

and of the lanthanides, 
X is fluorine, chlorine, bromine, iodine, hydrogen, Ci-C 10 -alkyl, C 6 - 

C 15 -aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl 

radical and from 6 to 20 carbon atoms in the aryl radical, -OR 22 or - 

NR 22 R 23 , 

n is 1 , 2 or 3, where n corresponds to the valence of M minus 2, 

where 

R 22 and R 23 are C^C^-alkyl, C 6 -C 15 -aryl, alkylaryl, arylalkyl, fluoroalkyl or fluoroaryl, 
each having from 1 to 10 carbon atoms in the alkyl radical and from 6 to 
20 carbon atoms in the aryl radical and 
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MARKED VERSION OF AMENDED CLAIMS - OZ 0050/50063 
the [radixals] radicals X are identical or different, 

R 17 to R 21 are hydrogen, C^C^-alkyl, 5- to 7-membered cycloalkyl which may 
in turn bear C r C 10 -alkyl groups as substituents, C 6 -C 15 -aryl or 
arylalkyl, where two adjacent radicals may together form a 
saturated or unsaturated cyclic group having from 4 to 15 carbon 
atoms, or Si(R 24 ) 3 where 

R 24 is CVC^-alkyl, C 3 -C 10 -cycloalkyl or 

C 6 -C 15 -aryI and 

z is as defined for X or is 

R2 9 

* 2 V Xy /R 2 * 




R27^ ^R26 



where the radicals 

R 25 tQ R 29 are hydrogen c^C^-alkyl, 5- to 7-membered cycloalkyl which may 
in turn bear C^C^-alkyl groups as substituents, C 6 -C 15 -aryl or 
arylalkyl, where two adjacent radicals may together form a 
saturated or unsaturated cyclic group having from 4 to 15 carbon 
atoms, or Si(R 30 ) 3 where 

R 30 is C r C 10 -alkyl, C 3 -C 10 -cycloalkyl or C 6 -C 15 -aryl, 

or the radical R 20 and Z together form an -R 31 -A-group where 
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MARKED VERSION OF AMENDED CLAIMS - OZ 0050/50063 

R32 r3 2 R 32 R32 

III I 

R 31 i s Ml f Ml Ml r Ml CR 2 34 , 

III I 

R33 r3 3 R 33 R33 

R 32 R32 R 32 R 32 

i iii 

C ' O M 1 , c C ' 

i iii 

R33 R 33 R 33 R 33 

= BR 32 , = AIR 32 , -Ge-, ~Sn- r -O-, -S-, = SO, 
Whefe = S0 2 , = NR32, = CO, = PR 32 or = P(0)R 32 , 

R 32 , R 33 and R 34 are identical or different and are each a hydrogen atom, a halogen 

atom, a C^C^-alkyl group, a C, -C 10 -fluoroalkyl group, a C 6 -C 10 -fluoroaryl group, 
a C 6 -C 10 -aryl group, a C^C^-alkoxy group, a C 2 -C 10 -alkenyl group, a C 7 -C 40 - 
arylalkyl group, a C 8 -C 40 ~arylalkenyl group, or a C 7 -C 40 -alkylaryl group or two 
adjacent radicals together with the atoms connecting them form a saturated or 
unsaturated ring having from 4 to 15 carbon atoms, and 

M 1 is silicon, germanium or tin, 

A i s o , — S , ^>R 3 * or ^>R 35 , 

where 

R 35 is C^C^-alkyl, C 6 -C 15 -aryl, C 3 -C 10 -cycloaIkyl, C 7 -C 18 -alkylaryl or 

Si(R 36 ) 3t where 

R 36 is hydrogen, C^C^-alkyl, C 6 -C 15 -aryI which may in turn bear C^C 4 - 

alkyl groups as substituents or C 3 -C 10 -cycloalkyl, 
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MARKED VERSION OF AMENDED CLAIMS - OZ 0050/50063 
or the radicals R 20 and R 28 together from an -R 31 -group 

and 

C) is at least one compound capable of forming metallocenium ions. 

3. A supported catalyst as claimed in claim 1 [or 2], wherein the copolymer A) is 
crosslinked via the monomer units II. 

4. A supported catalyst as claimed in claim 1 [any of claims 1 to 3] which further 
comprises, as additional component D), one or more metal compounds which 
are different from C) and have the formula (X) 

M 3 (R 38 )(R 39 )s(R 40 )t (X) 

where 



m3 is an alkali metal, an alkaline earth metal or a metal of main group III of 

the Periodic Table, i.e. boron, aluminum, gallium, indium or thallium, 
R 38 is hydrogen, C^C^-alkyl, C 6 -C 15 -aryl, alkylaryl or arylalkyl or alkoxy each 

having from 1 to 10 carbon atoms in the alkyl radical and from 6 to 20 

carbon atoms in the aryl radical, 
R 39 and R 40 are hydrogen, halogen, C^C^-alkyl, C 6 -C 15 -aryl, alkylaryl, arylalkyl or 

alkoxy each having from 1 to 10 carbon atoms in the alkyl part and from 6 

to 20 carbon atoms in the aryl part, 
r is an integer from 1 to 3 

and 

s and t are integers from 0 to 2, where the sum r+s+t corresponds to the 
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MARKED VERSION OF AMENDED CLAIMS - OZ 0050/50063 
valence of M 3 . 

6. A process for preparing supported catalysts as claimed in claim 1 [any of claims 

I to 5], which comprises preparing copolymers comprising the monomer units I, 

II and III in solution or dissolving the copolymers in a suitable solvent after they 
have been prepared and adding the metallocene complex B) and the compound 
C) capable of forming metallocenium ions to this solution. 

8. A process for preparing supported catalysts as claimed in claim 6 [or 7], wherein 
the copolymer A) is pretreated with compounds of the formula (X) prior to the 
addition of metallocene complex B) and compound C) capable of forming 
metallocenium ions. 

10. A process for the polymerization of olefins in the presence of a supported 
catalyst as claimed in claim 1 [any of claims 1 to 5]. 
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CLAIMS AS FILED - OZ 0050/50063 

1 . A supported catalyst for olefin polymerization comprising 

A) as support material, a copolymer comprising at least the monomer units I, 
II and III, 

where the monomer units I have the formula (I) and the 
monomer units II have the formula (II), 



where the variables have the following meanings: 
R 1 is hydrogen, C^C^alkyl or phenyl, 

R 2 is substituted or unsubstituted aryl or branched or unbranched alkyl or alkenyl, 
A 1 is directed chemical bond or a substituted or unsubstituted phenylene group, 
R 3 are identical or different and are each hydrogen, C^C^-alkyl or substituted or 

unsubstituted phenyl, 
p is an integer from 0 to 8, and 

R 4 to R 7 are hydrogen, C^C^-alkyl or substituted or unsubstituted phenyl 





(CR 3 2 )p 



(II) 




1 



CLAIMS AS FILED - OZ 0050/50063 

and the monomer units III have polar groups, 

and 

B) at least one metallocene complex of the formula (V) 




/ 

z 



where the substituents and indices have the following meanings: 

M is titanium, zirconium, hafnium, vanadium, niobium, tantalum or 

chromium or an element of transition group III of the Periodic Table 

and of the lanthanides, 
X is fluorine, chlorine, bromine, iodine, hydrogen, C^C^-alkyl, C 6 - 

C 15 -aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl 

radical and from 6 to 20 carbon atoms in the aryl radical, -OR 22 or - 

NR 22 R 23 , 

n is 1 , 2 or 3, where n corresponds to the valence of M minus 2, 

where 

R 22 and R 23 are (VC 10 -alkyl, C 6 -C 15 -aryl, alkylaryl, arylalkyl, fluoroalkyl or fluoroaryl, 
each having from 1 to 10 carbon atoms in the alkyl radical and from 6 to 
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CLAIMS AS FILED - OZ 0050/50063 

20 carbon atoms in the aryl radical and 

the radicals X are identical or different, 

R 17 to R 21 are hydrogen, C^C^-alkyl, 5- to 7-membered cycloalkyl which may 
in turn bear C r C 10 -alkyl groups as substituents, C 6 -C 15 -aryl or 
arylalkyl, where two adjacent radicals may together form a 
saturated or unsaturated cyclic group having from 4 to 15 carbon 
atoms, or Si(R 24 ) 3 where 

R 24 is C-rCjo-alkyl, C 3 -C 10 -cycloalkyl or 

C 6 -C 15 -aryl and 

z is as defined for X or is 

R2 9 




where the radicals 

R 25 to R 29 are hydrogen, C^C^-alkyl, 5- to 7-membered cycloalkyl which may 
in turn bear Ci-C 10 -alkyl groups as substituents, C 6 -C 15 -aryl or 
arylalkyl, where two adjacent radicals may together form a 
saturated or unsaturated cyclic group having from 4 to 15 carbon 
atoms, or SKR 30 ^ where 

R 30 is C^C^-alkyl, C 3 -C 10 -cycloalkyl or C 6 -C 15 -aryl, 

or the radical R 20 and Z together form an -R 31 -A-group where 

3 



CLAIMS AS FILED - OZ 0050/50063 

R32 r3 2 R 32 R 32 

3, ■ 1 11 1 

R 31 IS M l , — M l Ml ' Ml CR 2 34 , 

III I 

R33 r3 3 R 33 R 33 

R 32 R32 R 32 R 32 

i iii 

C ' o Ml , c C ' 

i iii 

R 33 R33 R 33 R 33 

= BR 32 , = A1R32 / -Ge-, -Sn-, -0-, -S-, - SO, 
= S0 2 , = NR32, = CO, = PR32 or - p( 0 )R32, 

where 

R 32 , R 33 and R 34 are identical or different and are each a hydrogen atom, a halogen 

atom, a CVC^-alky! group, a C 1 -C 10 -fluoroalkyl group, a C 6 -C 10 -fluoroaryl group, 
a C 6 -C 10 -aryI group, a C^C^-alkoxy group, a C 2 -C 10 -alkenyl group, a C 7 -C 40 - 
arylalkyl group, a C 8 -C 40 -arylalkenyl group, or a C r C 40 -alkylaryl group or two 
adjacent radicals together with the atoms connecting them form a saturated or 
unsaturated ring having from 4 to 15 carbon atoms, and 

M 1 is silicon, germanium or tin, 

A is — o — , — s — , ^nr35 or ^ pR35 ^ 

where 

R 35 is (VC-jo-alkyl, C 6 -C 15 -aryl, C 3 -C 1cr cycloalkyl, C 7 -C 18 -alkylaryl or 
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CLAIMS AS FILED - OZ 0050/50063 
Si(R 36 ) 3 , where 

R 36 is hydrogen, Cj-C^-alkyl, C 6 -C 15 -aryl which may in turn bear C^C 4 - 

alkyl groups as substituents or C 3 -C 10 -cycloalkyl, 
or the radicals R 20 and R 28 together from an -R 31 -group 
and 

C) is at least one compound capable of forming metallocenium ions. 
2. A supported catalyst as claimed in claim 1 , wherein the monomer units III are 
compounds of the formula (Ilia), 




(Ilia) 



where 

R 8 to R 12 are hydrogen, C^C^-alkyl, 5- to 7-membered cycloalkyl which may in turn 
bear C^-C^-alky! groups as substituents, C 6 -C 15 -aryl or arylalkyl, or 
the radicals may together with adjacent radicals in each case form a 
saturated or unsaturated ring having from 5 to 15 carbon atoms, 

but at least one radical R 8 to R 12 is a group of the formula (IV), 

I 

I 

A2 

5 
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CLAIMS AS FILED - OZ 0050/50063 
where 

R 13 are identical or different and are each hydrogen, C^C^-alkyl or substituted or 

unsubstituted phenyl, 
q is an integer from 0 to 8 and 

A 2 is a group OR 14 , NR 14 R 15 , PR 14 R 15 , CN, COOR 14 or (0-(CH 2 ) q .) q -OR 14 where R 14 
and R 15 are identical or different and are each hydrogen or C^C^alkyl and q' is 
an integer from 1 to 5 and q" is an integer from 1 to 8, 

or the monomer units III are compounds of the formula (1MB), 




(Hlb) 



where 

A 3 is COOR 16 or CN, where 

R 16 is hydrogen or C^C^-alkyl. 

3. A supported catalyst as claimed in claim 1 , wherein the copolymer A) is 
crosslinked via the monomer units II. 

4. A supported catalyst as claimed in claim 1 which further comprises, as additional 
component D), one or more metal compounds which are different from C) and 
have the formula (X) 

M 3 (R 38 ) r (R 39 ) s (R 40 ) t (X) 
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CLAIMS AS FILED - OZ 0050/50063 
where 

M 3 is an alkali metal, an alkaline earth metal or a metal of main group III of 

the Periodic Table, i.e. boron, aluminum, gallium, indium or thallium, 
R 38 is hydrogen, C^C^-alkyl, C 6 -C 15 -aryl, alkylaryl or arylalkyl or alkoxy each 

having from 1 to 10 carbon atoms in the alkyl radical and from 6 to 20 

carbon atoms in the aryl radical, 
R 39 and R 40 are hydrogen, halogen, CVC^-alkyl, C 6 -C 15 -aryl, alkylaryl, arylalkyl or 

alkoxy each having from 1 to 10 carbon atoms in the alkyl part and from 6 

to 20 carbon atoms in the aryl part, 
r is an integer from 1 to 3 

and 

s and t are integers from 0 to 2, where the sum r+s+t corresponds to the 
valence of M 3 . 

5. A supported catalyst as claimed in claim 4, wherein the copolymer A) serving as 
support material has been pretreated with compounds of the formula (X) prior to 
application of metallocene complex B) and compound C) capable of forming 
metallocenium ions. 

6. A process for preparing supported catalysts as claimed in claim 1 , which 
comprises preparing copolymers comprising the monomer units I, II and III in 
solution or dissolving the copolymers in a suitable solvent after they have been 
prepared and adding the metallocene complex B) and the compound C) capable 
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of forming metallocenium ions to this solution. 

7. A process for preparing supported catalysts as claimed in claim 6, wherein the 
polymer A) is crosslinked at from 0 to 150°C by means of a Diels-Alder reaction 
either before or after the addition of metallocene complex B) and compound C) 
capable of forming metallocenium ions. 

8. A process for preparing supported catalysts as claimed in claim 6, wherein the 
copolymer A) is pretreated with compounds of the formula (X) prior to the 
addition of metallocene complex B) and compound C) capable of forming 
metallocenium ions. 

9. A copolymer which comprises the monomer units I, II and Ilia and is suitable as 
support material for catalysts for the polymerization of olefins. 

10. A process for the polymerization of olefins in the presence of a supported 
catalyst as claimed in claim 1 . 
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Supported catalyst for olefin polymerization 

The present invention relates to a supported catalyst for olefin 
5 polymerization comprising 

A) as support material, a copolymer comprising the monomer units 
I, II and III, 

10 where the monomer units I have the formula (I) and the 

monomer units II have the formula (II) , 



15 




(I) 



20 




(ID 



(CR3 2 ) 



p 



25 




30 



where the variables have the following meanings: 



R 1 is hydrogen, Ci-C 4 -alkyl or phenyl, 



35 



R 2 is substituted or unsubst ituted aryl or branched or 
unbranched alkyl or alkenyl, 



A 1 is a direct chemical bond or a substituted or 
unsubst ituted phenylene group, 



40 



R 3 are identical or different and are each hydrogen, 

Ci-Cio -alkyl or substituted or unsubsti tuted phenyl, 



P 



is an integer from 0 to 8, and 



45 



R 4 to R 7 are hydrogen, Ci-C 10 -alkyl or substituted or 
unsubsti tuted phenyl, 
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and the monomer units III have polar groups, 



and 

5 B) at least one metallocene complex and 



C) at least one compound capable of forming metallocenium ions . 

The invention also relates to a process for preparing such 
10 supported catalysts, copolymers suitable as support material and 
a process for the polymerization of olefins in the presence of a 
catalyst according to the present invention. 

Supported transition metal catalysts have been known for a long 
15 time and are used, for example, for olefin polymer izat ion . The 

activity and productivity of these catalysts depends very much on 
the method by which they are produced. As support materials for 
such transition metal catalysts, it is customary to use 
crosslinked polymers or inorganic support materials, for example 
20 silica gel. Examples of such supported catalysts are described, 
for example, in WO 94/28034, in EP-A 295 312 and in WO 98/01481. 

When fixing metallocenes to the surface of inorganic materials 
and in the subsequent polymerization, some undesirable effects 

25 can occur. Thus, it is difficult to distribute the catalyst 

component homogeneously over the surface of the porous support 
material. During the course of the polymerization, fragmentation 
of the catalyst and the support material generally occurs. Owing 
to the inhomogeneous distribution of the catalyst components on 

30 the surface of the support, the fragmentation again forms 

inhomogeneous catalyst particles which can have an adverse effect 
on the polymerization products. 

When the metallocenes are supported on crosslinked polymers, one 
35 frequently encounters the problem that, as a result of incomplete 
swelling of the crosslinked polymer particles, only an 
inhomogeneous distribution of the metallocenes on the support is 
once more achieved. 

40 S.B. Roscoe, J.M. Frechet, J.M. Walzer and A.J. Dias, Science 

280, 1998, pages 270-273, describe a supported catalyst in which 
a divinylbenzene-crosslinked, chloromethylated polystyrene was 
reacted in succession with a secondary amine, an ammonium salt of 
a weakly coordinating anion and an uncharged dialkyl metallocene. 

45 This gave a polymerization-active catalyst. However, at elevated 
polymerization temperatures, the polymer morphology obtained was 
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unsatisfactory and polymerization could only be carried out using 
haf nocenes . 

A.G.M. Barrett and Y.R. de Miguel, Chem . Commun. 1998, pages 2079 
5 ff, disclosed a catalyst in which a peralkylated titanocene 
complex was covalently bound to a polystyrene support. The 
unpublished German Patent Application No. 19821949.0 likewise 
describes a process in which metallocene complexes are covalently 
bound to a polystyrene support. However, in the case of 
10 metallocenes having a more complicated structure, as are 

required, for example, for the stereoselective polymerization of 
propylene, the corresponding synthesis is very difficult or can 
no longer be carried out. 

15 It is an object of the present invention to find supported 

catalysts which no longer have the disadvantages of the prior art 
and have a homogeneous distribution of the catalyst components on 
the support material, which can be prepared without any great 
difficulty using many different metallocene systems and which 

20 also give a good polymer morphology at an elevated polymerization 
temperature. 

We have found that this object is achieved by the supported 
catalyst for olefin polymerization defined at the outset. 
25 Furthermore, we have found a process for preparing such supported 
catalysts, copolymers suitable as support material and a process 
for the polymerization of olefins in the presence of a catalyst 
according to the present invention. 

30 The supported catalyst of the present invention for olefin 
polymerization comprises as support material A) a copolymer 
comprising at least the monomer units I, II and III. Among these 
monomer units, the monomer unit I serves as basic framework of 
the support material. The monomer unit II allows crosslinking of 

35 the polymer chains by means of a Diels-Alder reaction of the 
cyclopentadienyl radicals. The monomer unit III introduces 
sufficient polarity into the copolymer A) for the active 
components B) and C) to be fixed to the support material, even 
though they are not covalently bound. 

40 

The radical R 1 in the monomers I, II and III can in each case be 
hydrogen, a Ci-C 4 -alkyl group, i.e. methyl, ethyl or the various 
isomers of propyl or butyl, or phenyl. Preferably, R 1 is in each 
case hydrogen or methyl and in particular hydrogen. 

45 
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The radical R 2 in the formula (I) is preferably substituted or 
unsubstituted phenyl, pyrenyl, naphthyl or alkenyl. Preferred 
monomers I are styrene, butadiene and isoprene. 

5 In the formula (II) , the variable A 1 is a direct chemical bond or 
a substituted or unsubstituted phenylene group; A 1 is preferably , 
direct chemical bond or a p-phenylene group. 

The substituents R 3 in the formula (II) can be identical or 
10 different and are preferably hydrogen, methyl, ethyl or the 
various isomers of propyl or phenyl and are in particular 
hydrogen or methyl. 

The variable n of the formula (II) is preferably 0 or 1. 

15 

The cyclopentadienyl radical in the formula (II) can be 
unsubstituted, in which case the radicals R 4 to R 7 are each 
hydrogen. However, it can also be monosubs ti tuted to 
tetrasubsti tuted. Suitable substituents R 4 to R 7 are then 

20 Ci-Cio-alkyl groups, i.e. methyl, ethyl and the various isomers of 
propyl, butyl, pentyl, hexyl , heptyl, octyl, nonyl or decyl . 
Further suitable radicals R 4 to R 7 are substituted or 
unsubstituted phenyl radicals, in particular unsubstituted phenyl 
radicals. However, the cyclopentadienyl radicals in the formula 

25 (II) are particularly preferably unsubstituted. 

Particularly preferred monomer units II are those in which A 1 is 
p-phenylene, p is 1 and R 3 and R 4 to R 7 are each hydrogen or those 
in which A 1 is a direct bond, p is 1 , R 3 are each methyl and R 4 to 
30 R 7 are each hydrogen. 

The monomer units III are compounds which can be copolymer ized 
with the monomers I and II or with monomers which can be 
converted into the monomer units I and II and have polar groups 

35 

Preferred monomer units III are compounds of the formula (Ilia), 



40 




(Ilia) 



RlO 



where 



R 8 to R12 are hydrogen, C x - Ci 0 - alkyl , 5- to 7-membered 

cycloalkyl which may in turn bear Ci-Ci 0 - alkyl 
5 groups as subs ti tuents , C 6 -Ci 5 -aryl or arylalkyl, 

or adjacent radicals may in each case form a 
saturated or unsaturated ring having from 5 to 15 
carbon atoms, 

10 

but at least one radical R 8 to R 12 is a group of the formula 
(IV) , 



15 



(CRl3 2 ) q (iv) 



A 2 

20 

where 

Rl3 are identical or different and are each hydrogen, 

c i-Ci 0 -alkyl or substituted or unsubs ti tuted 
2 5 phenyl, 

q is an integer from 0 to 8 and 

A 2 is OR 14 , NRl4 R i5, PR14 R 15 # . CN# C OOR 14 or 

30 (O- (CH 2 ) q O q --OR 14 , where R* 4 and Ris are identical 

or different and are each hydrogen or Ci-C 4 - alkyl 
and q' is an integer from 1 to 5 and q" is an 
integer from 1 to 8. 

35 Particularly preferred monomer units of the formula (Ilia) are 

those in which from one to three radicals R 8 to R 12 are a group of 
the formula (IV) . In particular, preference is also given to 
monomers of the formula (Ilia) in which only one radical R 8 to Ri2 
is a group of the formula (IV) , with the further radicals R 8 to 

40 R 12 then being hydrogen. 

Preferred groups of the formula (IV) are those in which q is 0 or 
1 and A 2 is OR 14 and is in particular methoxy or hydroxy. R 13 is 
preferably hydrogen or methyl and q' is preferably 1, 2 or 3. 
45 Preference is also given to groups of the formula (IV) in which q 
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is 2, Ri3 is hydrogen and A 2 is hydroxy or (O - C 2 H 4 ) q , , - OH . Also 
preferred are groups in which A 2 is CN. 

For the radicals R<* to R 12 which are not a group of the formula 
5 (IV), particular preference is given to hydrogen or C 1 -C 4 -alkyl / 
phenyl or tetramethylcyclopentadienyl . 

Examples of suitable monomer units of the formula (Ilia) are 
p-methoxymethyls tyrene, p- hydroxys tyrene, p-methoxystyrene, 
10 (2-hydroxyethyl) s tyrene, trimethoxys tyrene , 
(dimethylhydroxymethyl) s tyrene and 
(methoxymethyl) (methoxy) styrene. 

Further preferred monomer units III are compounds of the formula 
15 (Illb), 



T (Illb) 
20 A3 



where 

25 A 3 is COOR 16 or CN, where 

Rl6 is hydrogen or Ci - Ci 0 - alkyl . 

Here, mention may be made of, for example, acrylic esters, 
30 methacrylic esters, acrylonitrile and methacryloni trile . 

The monomer units I, II or III used in the copolymers A) can also 
in each case be mixtures of various compounds of the formulae 
(I), (II), (ilia) and/or (Illb). Any further olefinic comonomers 
35 can also be present in the copolymers (A) provided that they do 
not interfere in the synthesis of the copolymers. However, the 
copolymers (A) preferably contain only the monomer units I, II 
and III. 

40 The ratios of the monomer units I, II and III can be varied 

within a wide range. It is usual to employ a larger proportion of 
I. The proportion of monomer units II- in the total copolymer is 
advantageously from 3 to 30 mol%, based on the total mass of the 
copolymer, particularly preferably from 10 to 20 mol%. The 

45 proportion of monomer units III in the total copolymer is 
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preferably from 10 to 40 mol%, based on the total mass of the 
copolymer, particularly preferably from 20 to 30 mol%. 

The copolymers A) can be prepared by copolymerization of 
5 compounds of the formulae (I), (n) and (Ilia) and/or (Illb) or 
of compounds which can be converted into the corresponding 
monomer units by polymer-analogous reactions. The 
copolymerization can be carried out in a customary manner known 
to those skilled in the art, for example by a free-radical or 
10 anionic mechanism. The copolymers A) are preferably prepared by 
free-radical polymerization. The copolymers A) generally have a 
molar mass M w (weight average) in the range from 15000 to 70000 
g/mol, preferably from 30000 to 50000 g/mol . The width of the 
molar mass distribution M n /M w is generally from 2 to 3 . 

15 

Although the monomer units I are usually introduced into the 
copolymers A) using monomers which already have the appropriate 
structural features, the monomer units II are normally introduced 
by polymerizing monomers II' which are then converted into the 
20 monomer units II in a polymer-analogous reaction. In this case, 
the monomers II' have replaceable leaving groups via which the 
cyclopentadiene ring can be introduced into the monomer units II. 

Suitable replaceable leaving groups are, for example, 
25 nucleophilically replaceable leaving groups such as halogens, 
i.e. fluorine, chlorine, bromine or iodine, or further 
nucleophilically replaceable leaving groups with which those 
skilled in the art are familiar, e.g. tosylate, trif luoroacetate, 
acetate or azide. A preferred monomer II' is 
30 p- (chloromethyl) styrene. 

After the polymerization, the nucleophilically replaceable 
leaving groups of the monomers II' can then be reacted with a 
cyclopentadienyl compound by various methods with which those 

35 skilled in the art are familiar. For example, the cyclopentadiene 
compound can be converted into the cyclopentadienyl anion by 
means of a strong base such as butyllithium or sodium hydride or 
by means of an elemental alkali metal, for example sodium. This 
cyclopentadienyl anion can then replace the nucleophilically 

40 replaceable leaving group in a nucleophilic substitution 
reaction. 



It is also possible to use monomers II' having leaving groups 
which can be converted into metal-containing functional groups 
45 after the polymerization. Examples of appropriate 

metal-containing functional groups are -Li, -MgX 4 , where X 4 is 
halogen, i.e. fluorine, chlorine, bromine or iodine. Examples of 
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such monomers II' are p - halos tyrenes , preferably p-bromostyrene, 
in which the halogen can be replaced by the metal-containing 
functional group. It is then possible to react the resulting 
organometallic compound with a fulvene compound, thus forming 
5 monomer units II. 

Suitable fulvene compounds bear two identical or different 
radicals Ci-C 4 -alkyl or substituted or unsubs ti tuted phenyl on the 
methylene carbon; preferred substituents are methyl, ethyl or the 
10 various isomers of propyl or phenyl and in particular methyl. A 
particularly preferred fulvene Ilia is dimethyl fulvene. 

Monomer units III can be introduced into the copolymers A) by the 
use of monomers having an appropriate structure, for example 

15 those of the formula (Illb) . However, it is here also possible to 
polymerize monomer units III' and then to convert these into 
monomer units III by polymer-analogous reactions. For example, 
halogen-containing monomers III' such as chloromethyls tyrene can 
be converted into monomer units III containing methoxy groups, 

20 for example methoxyme thyl s tyrene , by reaction with a methoxide. 

In addition, the supported catalysts of the present invention for 
olefin polymerization further comprise at least one metallocene 
complex B) . Suitable metallocene complexes are, in particular, 
25 those of the formula (V) 



30 




(V) 



35 

where the substituents and indices have the following meanings: 

M is titanium, zirconium, hafnium, vanadium, 

niobium, tantalum or chromium or an element of 
40 transition group III of the Periodic Table and 

the lanthanides, 



X 

45 



is fluorine, chlorine, bromine, iodine, hydrogen, 
Ci-Cio-alkyl , C 6 -Ci 5 -aryl, alkylaryl having from 1 
to 10 carbon atoms in the alkyl part and from 6 



9 

to 20 carbon atoms in the aryl part, -OR 22 or 
- NR 22 R 23 , 



n is 1, 2 or 3, where n corresponds to the valence 

5 of M minus 2 , 

where 

R 22 and R 23 are Ci-Ci 0 -alkyl , C 6 -C 15 -aryl, alkylaryl, 

10 arylalkyl, fluoroalkyl or fluoroaryl each having 

from 1 to 10 carbon atoms in the alkyl radical 
and from 6 to 2 0 carbon atoms in the aryl radical 
and 

15 the radicals X are identical or different, 

R 17 to R 21 are hydrogen, Ci - Cio - alkyl , 5- to 7-membered 

cycloalkyl which may in turn bear Ci-Ciq- alkyl 
groups as substi tuents , C 6 -C 15 -aryl or arylalkyl, 
2 0 where two adjacent radicals may together form a 

saturated or unsaturated cyclic group having from 
4 to 15 carbon atoms, or Si(R 24 )3 where 

R 24 can be Ci -Ci 0 - alkyl , C 3 -C 10 -cycloalkyl or 

25 C 6 -C 15 -aryl and 




30 2 ±S X ° r 

R27^ ^R 26 

where the radicals 

35 R 25 to R 29 are hydrogen, Ci-Ci 0 -alkyl , 5- to 7-membered 

cycloalkyl which may in turn bear Ci-CiQ-alkyl 
groups as subs ti tuents , C 6 -C 15 -aryl or arylalkyl 
and two adjacent radicals may also together form 
a saturated or unsaturated cyclic group having 

40 from 4 to 15 carbon atoms, or Si(R 30 >3 where 

R 30 is Ci-Cio-alkyl , C 3 -Cio-cycloalkyl or C 6 -Ci 5 -aryl, 

or the radicals R 20 and Z together form an -R 31 -A- group in which 

45 



•■is a— ii ir'ii ir'ii tT'i: s-ji -ij ,nc-i ^p;. rni 
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R32 R 32 R 32 R32 

III 1 

R 31 is M 1 - M 1 M 1 — ' M 1 CR 2 J4 

i iii 

R33 R 33 R 33 R33 

R32 R32 R 32 R 32 

I III 

C ' O M 1 . C C ' 

i i ii 

R3 3 R33 R 3 3 R3 3 

15 = B R 32 , = AIR 32 , -Ge-, -Sn-, -O-, -S-, - SO, = S0 2 , 

= NR 32 , = CO, = PR 32 or - P(0)R 32 , 

where 

20 r 32 , R 33 and R 34 are identical or different and are each a 

hydrogen atom, a halogen atom, a Ci-Ci 0 -alkyl 
group, a d-C 10 -f luoroalkyl group, a 
C 6 -Cio-f luoroaryl group, a C 6 -Ci 0 -aryl group, a 
Ci-Cio-alkoxy group, a C 2 - C 10 - alkenyl group, a 

25 C 7 -C 40 -arylalkyl group, a C 8 -C 40 -arylalkenyl group 

or a C 7 -C 40 -alkylaryl group or two adjacent 
radicals together with the atoms connecting them 
form a saturated or unsaturated ring having from 
4 to 15 carbon atoms, and 

30 

M i is silicon, germanium or tin, 

A i s o / S , ^NR 35 or ^ PR 35 where 

35 



R 3 * 



is Ci-Cio-alkyl, C 6 -Ci 5 -aryl, C 3 -C 10 cycloalkyl , 
C 7 -Ci 8 -alkylaryl or Si(R 36 ) 3 , 



R 36 is hydrogen, Ci - C 10 - alkyl , C 6 -Ci 5 -aryl, which may 

40 in turn bear C x - C 4 - alkyl . groups as substituents 

or C3-C10- cycloalkyl 

or the radicals R 20 and R 28 together form an -R 31 - group. 



45 The radicals X in the formula (V) are preferably identical. 




45 



X 
n 

20 
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Among the compounds of the formula (Va) . particular preference is 
given to those in which 

M is titanium, zirconium or hafnium, 

5 x is chlorine, Ci-C 4 -alkyl or phenyl, 

n is 2 and 

10 R 17 to R 21 are hydrogen or Ci-C 4 -alkyl. 

Among the compounds of the formula (Vb) , preference is given to 
those in which 

15 M is titanium, zirconium or hafnium, 

is chlorine, d-C 4 -alkyl or phenyl, 
is 2, 

R i7 t o R2i are hydrogen, C r C 4 -alkyl or Si(R 24 ) 3 and 

r25 t o R29 are hydrogen, d-C 4 -alkyl or Si(R 30 ) 3 . 

25 Particularly suitable compounds of the formula (Vb) are those in 
which the cyclopentadienyl radicals are identical. 

Examples of particularly useful compounds are: 

30 bis (cyclopentadienyl) zirconium dichloride, 

bis (pentamethylcyclopentadienyl) zirconium dichloride, 
bis (methylcyclopentadienyl) zirconium dichloride, 
bis (ethylcyclopentadienyl) zirconium dichloride, 
bis (n-butylcyclopentadienyl) zirconium dichloride and 

35 bis (trimethylsilylcyclopentadienyl) zirconium dichloride 
and also the corresponding dimethylzirconium compounds. 

Among the compounds of the formula (Vc) , particularly suitable 
compounds are ones in which 

40 

R« and R 25 are identical and are hydrogen or d-C 10 -alkyl 

groups, 

R2i and R29 are identical and are hydrogen or methyl, ethyl, 

45 isopropyl or tert-butyl groups. 



Ris and R27 



are Ci-C 4 -alkyl and 
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R 18 and R 26 are hydrogen 

or 

5 two adjacent radicals R 18 and R 19 or R 26 and R 27 together form a 
saturated or unsaturated cyclic group having from 4 to 12 carbon 
atoms, 

R 32 R 32 

I I 

or — c — c — 

I i 

R33 R33 

rconium or hafnium and 

X is chlorine, Ci-Cj-alkyl or phenyl. 

20 Examples of particularly useful complexes are: 

dimethylsilanediylbis (cyclopentadienyl) zirconium dichloride, 
dimethylsilanediylbis (indenyl) zirconium dichloride, 
dimethylsilanediylbis (tetrahydroindenyl) zirconium dichloride, 
25 ethylenebis (cyclopentadienyl) zirconium dichloride, 
ethylenebis (indenyl) zirconium dichloride, 
ethylenebis (tetrahydroindenyl) zirconium dichloride, 
tetramethylethylene-9-fluorenyl cyclopentadienyl zirconium 
dichloride, 

30 dimethylsilanediylbis ( 3-ter t-butyl- 5-methylcyclopentadienyl ) - 
zirconium dichloride, 

dimethylsilanediylbis (3-tert-butyl-5-ethylcyclopentadienyl) - 
zirconium dichloride, 

dimethylsilanediylbis (2-methylindenyl ) zirconium dichloride, 
35 dimethylsilanediylbis ( 2 -isopropyl indenyl) zirconium dichloride, 
dimethylsilanediylbis (2-tert-butylindenyl ) zirconium dichloride, 
diethylsilanediylbis (2-methylindenyl) zirconium dibromide, 
dimethylsilanediylbis (3-methyl-5-methylcyclopentadienyl) - 
zirconium dichloride, 
40 dimethylsilanediylbis <3-ethyl-5-isopropylcyclopentadienyl ) - 
zirconium dichloride, 

dimethylsilanediylbis (2 -ethyl indenyl) zirconium dichloride, 
dimethylsilanediylbis [3 , 3 * - ( 2 -methylbenz indenyl ) ] - 
zirconium dichloride 
45 dimethylsilanediylbis [3,3'- ( 2 -ethylbenz indenyl) ] zirconium 
dichloride, 

methylphenylsilanediylbis [3,3'- (2 -ethylbenz indenyl) ] - 



R32 

10 I 

R 31 is M 1 

I 

R33 

15 

M is titanium, zi 
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zirconium dichloride, 

methylphenylsilanediylbis [3,3'- (2-methylbenz indenyl ) ] zirconium 
dichloride, 

diphenylsilanediylbis [3,3' - (2-methylbenz indenyl ) ] zirconium 
5 dichloride, 

diphenylsilanediylbis [3,3'- ( 2 -ethylbenz indenyl) ] zirconium 
dichloride, and 

diphenylsilanediylbis ( 2 -methyl indenyl ) hafnium dichloride 

10 and also the corresponding dimethyl zirconium compounds. 

Further examples of suitable complexes are: 

dimethyls ilanediylb is (2 -methyl - 4 -phenyl indenyl ) zirconium 
15 dichloride, 

dimethylsilanediylbis (2 -methyl -4 - (p- tert-butylphenyl ) indenyl) - 
zirconium dichloride, 

dimethyls ilanediylbis (2 -methyl -4 -naphthyl indenyl) zirconium 
dichloride, 

20 dimethylsilanediylbis (2 -methyl -4 - isopropylindenyl ) zirconium 
dichloride and 

dimethylsilanediylbis (2 -methyl -4 , 6 - di isopropylindenyl ) zirconium 
dichloride and also the corresponding dimethyl zirconium 
compounds . 

25 

Among the compounds of the formula (Vd) , particularly suitable 
compounds are those in which 

M is titanium or zirconium, 

30 

X is chlorine, C 1 -C 4 -alkyl or phenyl, 

R32 r32 R 32 

I I I 

35 r31 j, s M i or c c 

i i i 

R33 r33 R 33 

40 \ 

A is 0 , S , NR 35 



and 
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R 17 to R 19 and R 21 are hydrogen, Ci-Cio-alkyl , 

C 3 -C 10 -cycloalkyl, C 6 -C 15 -aryl or Si(R 24 ) 3 . or two 
adjacent radicals form a cyclic group having from 
4 to 12 carbon atoms. 

5 

Such complexes can be synthesized by methods known per se, with 
preference being given to the reaction of the appropriately 
substituted, cyclic hydrocarbon anions with halides of titanium, 
zirconium, hafnium, vanadium, niobium or tantalum. 

10 

Examples of appropriate preparative methods are described, for 
example, in the Journal of Organometallic Chemistry, 369 (1989), 
359-370 . 

15 As component B) , it is also possible for mixtures of various 

metallocene complexes to be present in the supported catalysts of 
the present invent ioh. 

In addition, the supported catalysts of the present invention for 
20 olefin polymerization further comprise at least one compound C) 
capable of forming metallocenium ions. Suitable compounds G) 
capable of forming metallocenium ions are, for example, strong 
uncharged Lewis acids, ionic compounds having Lewis acid cations 
or ionic compounds containing Bronsted acids as cations. 

25 

As strong, uncharged Lewis acids, preference is given to 
compounds of the formula (VI) 

M2xiX 2 x3 (VI) 

30 where 

M2 is an element of main group III of the Periodic 

Table, in particular B, Al or Ga, preferably B, 

35 X 1 , X 2 and X 3 are hydrogen, Ci -Cio - alkyl , C 6 -Ci 5 -aryl, 

alkylaryl, arylalkyl, haloalkyl or haloaryl each 
having from 1 to 10 carbon atoms in the alkyl 
radical and from 6 to 20 carbon atoms in the aryl 
radical or fluorine, chlorine, bromine or iodine, 

40 in particular haloaryls, preferably 

pentaf luorophenyl . 

Particular preference is given to compounds of the formula (VI) 
in which X 1 , X 2 and X 3 are identical, preferably 
45 tris (pentaf luorophenyl ) borane . 
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Suitable ionic compounds having Lewis acid cations are compounds 
of the formula (VII) 

[ <Y a+ )QiQ 2 . • .Qz] d * (VII) 

5 

where 

Y is an element of main groups I to VI or 

transition groups I to VIII of the Periodic 
10 Table, 

are singly negatively charged groups such as 
Ci-C 2 8~alkyl / Ce-Cxs-aryl, alkylaryl, arylalkyl, 
haloalkyl , haloaryl each having from 6 to 20 
carbon atoms in the aryl moiety and from 1 to 2 8 
carbon atoms in the alkyl moiety, 
C3 -C10 -cycloalkyl , which may bear C1-C10- alkyl 
groups as substi tuents , halogen, - C28 " alkoxy, 
Ce-Cis-aryloxy, silyl or mercaptyl groups, 

is an integer from 1 to 6, 

is an integer from 0 to 5 and 

corresponds to the difference a-z, but d is 
greater than or equal to 1. 

Particularly suitable Lewis acid cations are carbonium cations, 
oxonium cations and sulfonium cations and also cationic 

30 transition metal complexes. In particular, mention may be made of 
the triphenylmethyl cation, the silver cation and the 
1 , 1 ' -dimethylf errocenyl cation. They preferably have 
non-coordinating counterions, in particular boron compounds as 
are also mentioned in WO 91/09882, preferably 

35 tetrakis (pentaf luorophenyl) borate . 

Ionic compounds having Bronsted acids as cations and preferably 
likewise non-coordinating counterions are mentioned in WO 
91/09882; the preferred cation is N , N-dimethylani linium . 

40 

The amount of strong, uncharged Lewis acids, ionic compounds 
having Lewis acid cations or ionic compounds having Bronsted 
acids as cations is preferably from 0.1 to 10 equivalents, based 
on the metallocene complex B) . 



Qi to Q 2 

15 
20 

a 
z 
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Particularly useful compounds C) capable of forming metallocenium 
ions are open-chain or cyclic aluminoxane compounds of the 
formula (VIII) or (IX) 



10 



Al-f- O — - AH R 3 7 

i "■ 

R37 



-f— O -Al— ± 



(VIII) 



(IX) 



R3 7 



15 



where R 37 



is a Ci-Cio-alkyl group, preferably a methyl or 
ethyl group, and m is an integer from 5 to 30, 
preferably from 10 to 25. 



20 The preparation of these oligomeric aluminoxane compounds is 
usually carried out by reacting a solution of tr ialkylaluminum 
with water and is described, for example, in EP-A 284 708 and 
US-A 4 794 096 . 

25 In general, the oligomeric aluminoxane compounds obtained in this 
way are in the form of mixtures of both linear and cyclic chain 
molecules of various lengths, so that m should be regarded as a 
mean value. The aluminoxane compounds can also be present in 
admixture with other metal alkyls, preferably aluminum alkyls. 

30 

It has been found to be advantageous to use the metallocene 
complexes B) and the oligomeric aluminoxane compounds of the 
formulae (VIII) and (IX) in such amounts that the atomic ratio of 
aluminum from ■ the oligomeric aluminoxane compounds to the 
35 transition metal from the metallocene complexes is in the range 
from 10:1 to 10 6 :1, in particular in the range from 10:1 to 10 4 :1. 



Furthermore, it is possible to use aryloxyaluminoxanes as 
described in US-A 5 391 7.93, aminoaluminoxanes as described in 
40 US-A 5 371 260, aminoaluminoxane hydrochlorides as described in 
EP-A 633 264, s i loxy aluminoxanes as described in EP-A 621 279 or 
mixtures thereof as component C) in place of the aluminoxane 
compounds of the formula (VIII) or (IX) . 



45 



Preferably, both the metallocene complexes B) and the compounds 
C) capable of forming metallocenium ions are used in solution, 
with particular preference being given to aromatic hydrocarbons 



1BOO 91 3 JL , O Si 1*11 
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having from 6 to 20 carbon atoms, in particular xylenes and 
toluene. 

The supported catalysts of the present invention for olefin 
5 polymerization can further comprise, as additional component D) , 
one or more metal compounds of the formula (X) 



M 3 (R38) r (R 39) s (R40) t {x) 



10 



where 



M3 is an alkali metal, an alkaline earth metal or a 

metal of main group III of the Periodic Table, 
15 i.e. boron, aluminum, gallium, indium or 

thallium, 

R 38 is hydrogen, C x - Cio - alkyl , C 6 -C 15 -aryl, alkylaryl 

or arylalkyl each having from 1 to 10 carbon 
20 atoms in the alkyl part and from 6 to 20 carbon 

atoms in the aryl part, 

R39 and R 40 are hydrogen, halogen, Ci -C 10 - alkyl , C 6 -C 15 -aryl, 

alkylaryl, arylalkyl or alkoxy each having from 1 

2 5 to 10 carbon atoms in the alkyl part and from 6 

to 20 carbon atoms in the aryl part, 

r is an integer from 1 to 3 

3 0 and 

s and t are integers from 0 to 2 , where the sum r+s+t 

corresponds to the valence of M 3 . 

35 Among the metal compounds of the formula (X), preference is given 
to those in which 

M 3 is lithium, magnesium or aluminum and 

40 R 39 and R 40 . are Ci -Cio - alkyl . 

Particularly preferred metal compounds of the formula (X) are 
n-butyllithium, n-butyl -n - octylmagnesium , 
n -butyl -n - heptylmagnesium , tr i - n- hexyl aluminum , 
45 triisobutylaluminum, tr iethylaluminum and tr imethylaluminum . 
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If a metal compound D) is used, it is preferably present in the 
catalyst system in such an amount that the molar ratio of M 3 from 
formula (X) to transition metal M from formula (V) is from 800:1 
to 1:1, in particular from 500:1 to 50:1. 

5 

The supported catalysts are preferably prepared by first 
preparing a copolymer A) by polymerization in solution in a 
suitable solvent, e.g. an aromatic solvent such as toluene, or 
copolymer izing appropriate monomers and then converting the 
10 resulting copolymer into the copolymer A) by polymer-analogous 
reaction in solution. The further steps are then carried out 
using this solution. Alternatively, a separately prepared 
copolymer A) which is then present, for example, as a solid is 
dissolved in a suitable solvent. 

15 

B) and C) are then added to this solution of the copolymer A) . 
The order of addition is in principle immaterial. However, 
preference is given to first mixing B) and C) with one another in 
solution and then adding this mixture to the solution of the 
20 copolymer A) . . 

The compounds of the formula (X) used as component D) can be 
added to the copolymer A) prior to the addition of the 
metallocene complexes B) and the compounds C) capable of forming 

25 metallocenium ions. In particular, such a compound of the formula 
(X) is added prior to the components B) and C) when the copolymer 
A) contains acidic hydrogen atoms in the monomer units III. 
However, it is also possible to mix the same or other compounds 
of the formula (X) first with the metallocene complexes B) and 

30 then to add these mixtures to the copolymer A) . 

Since the copolymer A) is brought into contact with the 
metallocene complexes B) and the compounds C) capable of forming 
metallocenium ions in a homogeneous solution, a homogeneous 
35 distribution of the active components is ensured by this means. 

Before or after addition of the metallocene complexes B) and the 
compounds C) capable of forming metallocenium ions to the 
copolymer A) , the latter is preferably crosslinked in the 
40 solution at from 0 to 150°C, in particular from 50 to 100°C, by 
means of a Diels-Alder reaction of the cyclopentadienyl radicals. 
However, the resulting crosslinked polymer is swollen to such an 
extent that it behaves like a homogeneous solution. 



45 
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In general, addition of the components B) and C) to A) forms a 
solid which, after removal of the solvent, is in finely divided 
form, preferably as particles having mean particle diameters in 
the range from 5 to 2 00)0111, in particular from 20 to 100 |xm. 

5 

After isolation, the resulting crosslinked polymer containing the 
bound metallocene complexes is largely insoluble in organic 
solvents and in this form is suitable for use in polymerization 
reactions in the gas phase or in suspension. 

10 

Under thermal stress, i.e., for example, during the 
polymerization reaction or during subsequent work-up steps, for 
instance during an extrusion, this insoluble supported catalyst 
can fragment in a retro-Diels-Alder reaction to form the soluble 
15 copolymer chains again. The supported catalyst which has been 
fragmented in this way can as a result become particularly 
homogeneously distributed in the polymer formed. 

Like the supported catalysts of the present invention, the 
20 copolymers comprising the monomer units I, II and Ilia have also 
not been known hitherto. These copolymers can be used as support 
material for a wide variety of metallocene catalysts. 

The supported catalysts of the present invention are useful, for 
25 example, for the polymerization of olefins and particularly for 
the polymerization of a-olefins, i.e. hydrocarbons having 
terminal double bonds. Suitable monomers may be f unctionalized 
olefinically unsaturated compounds such as ester or amide 
derivatives of acrylic or methacrylic acid, for example 
30 acrylates, methacrylates or acryloni trile . Preference is given to 
non polar olefinic compounds, including aryl-substi tuted 
a-olefins. Particularly preferred a-olefins are linear or 
branched C 2 -Ci 2 -alk- 1-enes , in particular linear C 2 -CiQ-alk-l-enes 
such as ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 
35 1-heptene, 1-octene, 1-nonene, 1-decene or 4 -methyl-l-pentene , or 
unsubstituted or substituted vinyl aromatic compounds of the 
formula (XI) 



40 



45 




(XI) 



R 4 5 
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substituents have the following meanings: 



R 41 



is hydrogen or Ci- to C 4 -alkyl, preferably hydrogen; 



5 



R 42 to 



R 4 6 



are, independently of one another, hydrogen, 
C1-C12 -alkyl , Ce-Cis-aryl or halogen or two adjacent 
radicals together form a group having from 4 to 15 
carbon atoms; preferably hydrogen, Ci- to C4 -alkyl, 
chlorine, phenyl, biphenyl, naphthalene or anthracene 
or two adjacent radicals together form a group having 
from 4 to 12 carbon atoms so as to give, for example, 
naphthalene derivatives or anthracene derivatives as 
compounds of the formula V. 



10 



15 Examples of preferred vinyl aromatic monomers are styrene, 
p-methyls tyrene , p-chlorostyrene, 2 , 4-dimethyls tyrene, 
4-vinylbiphenyl , vinylnaphthalene or vinylanthracene . 

It is also possible to polymerize mixtures of various a-olefins. 

20 

In particular, the supported catalysts of the present invention 
can be used in various processes for the polymerization of 
ethylene, propylene or styrene. Apart from the homopolymerization 
of ethylene, propylene or styrene, the supported catalysts of the 

25 present invention are particularly suitable for copolymerization 
since the catalysts lead to uniform incorporation of the 
comonomer into the polymer and generally to narrow molar mass 
distributions. As comonomers in ethylene polymerization, 
preference is given to using C 3 - to Cs -a - olef ins , in particular 

30 butene, pentene, hexene and/or octene. Preferred comonomers in 
propylene polymerization are ethylene and/or butene. 

The polymerization process of the present invention is generally 
carried out at from -50 to 300°C, preferably from 0 to 150°C, and 
35 at pressures in the range from 0.5 to 3000 bar, preferably in the 
range from 1 to 80 bar. 

The polymerization can be carried out in solution, in suspension, 
in liquid monomers or in the gas phase. The polymerization is 
40 preferably carried out in liquid monomers, in suspension or by a 
gas-phase process, with preference being given to processes in a 
stirred gas phase or in a gas-phase f luidized bed. 

The supported catalysts of the present invention have, in 
45 particular, a homogeneous distribution of the catalyst components 
on the support material and can be prepared without any great 
effort with many different metallocene systems. The active 
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component is strongly bound to the support in these supported 
catalysts, and a good polymer morphology is obtained even at an 
elevated polymerization temperature. 

5 Examples 

Example 1 

Preparation of a styrene-p-chloromethylstyrene-p-bromos tyrene 
10 copolymer comprising 30 mol% "of chloromethyls tyrene , 10 mol% of 
bromos tyrene and 6 0 mol% of s tyrene 

6 mmol (916 mg) of p- chloromethyls tyrene , 2 mmol (366 mg) of 
p -bromos tyrene and 12 mmol (1.25 g) of styrene were dissolved in 
15 2.5 ml of toluene and polymerized using 50 mg of AIBN at 70°C for 
24 hours. The solution was diluted to 25 ml with dichloromethane 
and the polymer was precipitated from 2 50 ml of methanol and 
dried under reduced pressure. 

20 Yield: 72%. 

The p-chloromethyl content could be determined by means of 1 H-NMR 
spectroscopy and was 30 mol%. 

25 iH-NMR (CDC1 3 , 250 MHz) [ppm] : 4.49 (bs, 2H, Ph-CH 2 -Cl) 

Example 2 

Preparation of a styrene-p-methoxymethyls tyrene -p-bromos tyrene 
3 0 copolymer 

1 g of the copolymer obtained in Example 1 (comprising 2.37 mmol 
of p-chloromethylstyrene) was dissolved in a mixture of 25 ml of 
methanol and 50 ml of THF and, after addition of 1280 mg (23.7 
35 mmol) of sodium methoxide, was heated at 60°C for 24 hours. This 
converted the chloromethyl groups into methoxymethyl units. 
Sodium chloride was precipitated during the reaction. The 
solution was evaporated to 10 ml and the polymer was precipitated 
from 100 ml of methanol and dried under reduced pressure. 

40 

Yield: 88%. 

The methoxymethyl content could be determined by means of 1 H-3SnviR 
spectroscopy and was 30 mol%. 

45 
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!H-NMR (CDC1 3 , 250 MHz) [ppm] : 4.35 (bs , 2H , Ph-CH 2 -0-), 3.32 (bs, 
3H, -O-CH3) 

Example 3 

5 

Preparation of a cyclopentadiene-containing copolymer 

500 mg (0.4 mmol of p -bromos tyrene ) of the copolymer obtained in 
Example 2 were dissolved in 50 ml of THF and cooled to -7 8°C. 

10 0.27 ml (0.4 mmol) of an n-butylli thium solution (1.5 M in 

hexane) was added dropwise to this solution. After 10 minutes, 
0.8 ml (0.4 mmol) of a dimethylf ulvene solution (0.5 M in THF) 
was added. After a further 10 minutes, cooling was removed and 
the mixture was warmed to room temperature. The solution was 

15 evaporated to 10 ml and the polymer was precipitated from 100 ml 
of methanol and dried under reduced pressure. 

Yield: 92%. 

20 Example 4 

Preparation of supported catalysts 

Example 4.1 

25 

Application of [dimethyl -bis ( 2 -methylbenzindenyl ) silyl] zirconium 
dichloride to a support 

100 mg of the copolymer obtained in Example 3 were heated at 80°C 
30 in 5 ml of toluene for 24 hours. The viscosity of the solution 
increased noticeably. After cooling to room temperature, 1 ml of 
a solution of 55.2 mg (0.1 mmol) of 

[dimethyl-bis ( 2-methylbenzindenyl ) silyl] zirconium dichloride in . 
20 ml (32 mmol of Al) of methylaluminoxane (1.6 M in toluene) was 

35 added. This resulted in precipitation of the support together 

with the colored metallocene. The precipitation was completed by 
addition of 100 ml of hexane. The supernatant, only slightly 
colored solution was removed by means of a syringe and the 
catalyst was washed once more with hexane. After the solvent had 

40 been removed again, the catalyst was dried in a high vacuum while 
stirring with a magnetic stirrer. The polymer was thus ground to 
a fine, free-flowing powder. 



45 
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Example 4.2 

Application of [dimethyl-bis (2 -methyl indenyl) silyl] zirconium 
dichloride to a support 

5 

The procedure of Example 4.1 was repeated, but 1 ml of a solution 
of 4 7.6 mg (0.1 mmol) of 

[dimethyl-bis (methylindenyl) silyl] zirconium dichloride in 20 ml 
(32 mmol of Al) of methylaluminoxane (1.6 M in toluene) was added 
10 to the copolymer obtained in Example 3 . This gave a free-flowing, 
orange catalyst powder. 

Example 4 . 3 

15 Application of 

[dimethyl-bis ( 2-methyl-4-phenylindenyl ) silyl] zirconium dichloride 

to a support 

The procedure of Example 4.1 was repeated, but 1 ml of a solution 
20 of 60.1 mg (0.1 mmol) of 

[dimethyl-bis ( 2-methyl-4-phenyl indenyl) silyl] zirconium dichloride 
in 20 ml (32 mmol of Al) of methylaluminoxane (1.6 M in toluene) 
was added to the copolymer obtained in Example 3. This gave a 
free-flowing, pink catalyst powder. 

25 

Example 5 

Polymerization of propylene 
30 Example 5.1 

In a 1 1 autoclave, 4 00 ml of hexane together with 0.8 ml of a 
triisobutylaluminum solution (1 M in hexane) were heated to 50°C 
and stirred for 15 minutes. 2.5 ml of methylaluminoxane solution 

35 (1.6 M in toluene) and in each case 50 mg of the supported 
catalyst prepared in Example 4.1 were added thereto and the 
mixture was stirred for another 15 minutes. A propene pressure of 
5 bar was then slowly built up. The polymerization was carried 
out at constant pressure for a time of 30 minutes. A polymer 

40 having a good morphology was obtained. In particular, the absence 
of fine dust indicated that no active component was leached from 
the supported catalyst. 



The polymerization results are shown in the Table. 

45 
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Example 5.2 



In a 1 1 autoclave, 400 ml of hexane together with 0.8 ml of a 
triisobutylaluminum solution (1 M in hexane) were heated to 50°C 
5 and stirred for 15 minutes. 2.5 ml of methylaluminoxane solution 
(1.6 M in toluene) and in each case 50 mg of the supported 
catalyst prepared in Example 4.2 were added thereto and the 
mixture was stirred for another 15 minutes. A propene pressure of 
5 bar was then slowly built up. The polymerization was carried 
10 out at constant pressure for a time of 30 minutes. A polymer 

having a good morphology was obtained. In particular, the absence 
of fine dust indicated that no active component was leached from 
the supported catalyst. 

15 The polymerization results are shown in the Table. 

Example 5.3 

In a 1 1 autoclave, 400 ml of hexane together with 0.8 ml of a 
20 triisobutylaluminum solution (1 M in hexane) were heated to 50°C 
and stirred for 15 minutes. 2.5 ml of methylaluminoxane solution 
(1.6 M in toluene) and in each case 50 mg of the supported 
catalyst prepared in Example 4.3 were added thereto and the 
mixture was stirred for another 15 minutes. A propene pressure of 
25 5 bar was then slowly built up. The polymerization was carried 
out at constant pressure for a time of 3 0 minutes. A polymer 
having a good morphology was obtained. In particular, the absence 
of fine dust indicated that no active component was leached from 
the supported catalyst. 



30 



The polymerization results are shown in the Table. 



Table 



35 



Example 


Yield 

[g] 


Activity 
[kg PP/ 

(mol Zr h bar) ] 


Productivity 
[g PP/ 

(g cat . h bar) ] 


5.1. 


11.2 


3300 


90 


5.2. 


23. 6 


6800 


190 


5.3. 


27.4 


8200 


220 
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We claim: 

1. A supported catalyst for olefin polymerization comprising 

A) as support material, a copolymer comprising at least the 
monomer units I, II and III, 

where the monomer units I have the formula (I) and the 
10 monomer units II have the formula (II), 



5 



20 



15 R 2 



(i) 



Al 



(CR 3 2 )p 

25 R* JL /R 7 




(II) 



n 11 

R^ ^R 6 

30 where the variables have the following meanings: 

Ri is hydrogen, Ci-C 4 -alkyl or phenyl, 

r2 is substituted or unsubstituted aryl or 

35 branched or unbranched alkyl or alkenyl, 

Ai is a direct chemical bond or a substituted or 

unsubstituted phenylene group, 

40 R 3 are identical or different and are each 

hydrogen, Cx-Cxo-alkyl or substituted or 
unsubstituted phenyl, 



is an integer from 0 to 8, and 



45 
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R 4 to R 7 are hydrogen, Ci-Ci 0 -alkyl or substituted or 
unsubstituted phenyl, 

and the monomer units III have polar groups, 

5 

and 

B) at least one metallocene complex of the formula (V) 

10 R 1Q R 18 



15 



30 



35 



40 




(V) 



where the substituents and indices have the following 
20 meanings : 

M is titanium, zirconium, hafnium, vanadium, 

niobium, tantalum or chromium or an element of 
transition group III of the Periodic Table and 
25 of the lanthanides, 



x 



n 



is fluorine, chlorine, bromine, iodine, 
hydrogen, d-Cio-alkyl , C 6 -Ci 5 -aryl, alkylaryl 
having from 1 to 10 carbon atoms in the alkyl 
radical and from 6 to 20 carbon atoms in the 
aryl radical, -OR 22 or -NR 22 R 23 , 

is 1, 2 or 3, where n corresponds to the 
valence of M minus 2, 



where 



R 22 and R 23 are Ci-Cio-alkyl , C 6 -Ci 5 -aryl, alkylaryl, 

arylalkyl, fluoroalkyl or fluoroaryl, each 
having from 1 to 10 carbon atoms in the alkyl 
radical and from 6 to 20 carbon atoms in the 
aryl radical and 

the radixals X are identical or different, 
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R 17 to R 21 are hydrogen, Ci-Cio-alkyl, 5- to 7-membered 

cycloalkyl which may in turn bear Ci-Ci 0 -alkyl 
groups as substituents , C 6 -Ci5-aryl or 
arylalkyl, where two adjacent radicals may 
5 together form a saturated or unsaturated 

cyclic group having from 4 to 15 carbon atoms, 
or Si(R 24 ) 3 where 

R 24 is Ci-Cio-alkyl, C 3 -Ci 0 -cycloalkyl or 

10 C6-Ci 5 -aryl and 

Z is as defined for X or is 



15 



R 27^ ^ R 26 

where the radicals 

R 25 to R 29 are hydrogen, Ci-C 10 -alkyl, 5- to 7-membered 

cycloalkyl which may in turn bear Ci-Cio-alkyl 
groups as substituents, C 6 -C 15 -aryl or 
arylalkyl, where two adjacent radicals may 
together form a saturated or unsaturated 
cyclic group having from 4 to 15 carbon atoms, 
or Si(R 30 >3 where 

^ R 30 is Ci-Cio-alkyl, C 3 -Ci 0 -cycloalkyl or 

C 6 -C 15 -aryl, 

or the radicals R 20 and Z together form an -R 31 -A- group 
where 

35 




20 



25 



40 
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10 



R 32 R 32 R 32 R32 

iii i 

R3l is M 1 , M 1 Ml ' Ml CR 2 34 , 

III I 

R 33 R 33 R 33 R33 

R 32 R 32 R 32 R 32 

I III 

C ' O M 1 , C C ' 

I III. 

R 33 R 33 R 33 R 33 

15 = BR 32 , = AIR 32 , -Ge-, -Sn-, -O-, -S-, = SO, 

= S0 2 , = NR32, = CO, = PR 32 or = P(0)R 32 , 

where 

20 R 32 , R 33 and R 34 are identical or different and are each a 

hydrogen atom, a halogen atom, a Ci-Ci 0 -alkyl 
group, a Ci-C 10 -f luoroalkyl group, a 
C 6 -Cio-f luoroaryl group, a C 6 -Ci 0 -aryl group, a 
Ci-Cio-alkoxy group, a C 2 -Ci 0 -alkenyl group, a 

25 C 7 -C 40 -arylalkyl group, a C 8 -C 40 -arylalkenyl 

group or a C 7 -C 4 o-alkylaryl group or two 
adjacent radicals together with the atoms 
connecting them form a saturated or 
unsaturated ring having from 4 to 15 carbon 

30 atoms, and 

M 1 is silicon, germanium or tin, 
A is O— f S , ^>R35 or "^>R 35 , 



35 



40 



45 



where 

r35 is Ci-Cio-alkyl, C 6 -C 15 -aryl, C 3 -Ci 0 -cycloalkyl, 

C 7 -Ci8-alkylaryl or Si(R 36 ) 3 , where 

r36 is hydrogen, Ci-Cio-alkyl, C 6 -Ci 5 -aryl which 

may in turn bear Ci-C 4 -alkyl groups as 
substituents or C 3 -Ci 0 -cycloalkyl, 

or the radicals R 20 and R 28 together form an — R 31 - group 
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20 



35 



and 



C) is at least one compound capable of forming 
metallocenium ions. 

5 

2. A supported catalyst as claimed in claim 1, wherein the 
monomer units III are compounds of the formula (Ilia), 




(Ilia) 



15 R 10 



where 



r8 to R 12 are hydrogen, Cx-Cio-alkyl , 5- to 7-membered 

cycloalkyl which may in turn bear Cx-Cio-alkyl 
groups as substituents, C 6 -Ci 5 -aryl or arylalkyl, 



or 



25 the radicals may together with adjacent radicals 

in each case form a saturated or unsaturated ring 
having from 5 to 15 carbon atoms, 

but at least one radical R 8 to R 12 is a group of the formula 
30 (IV) , 



(CR 13 2)q IV 
I 

A 2 



where 

40 

R i3 are identical or different and are each hydrogen, 

d-Cio-alkyl or substituted or unsubstituted 
phenyl, 

45 q is an integer from 0 to 8 and 
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A 2 is a group OR 14 , NR 14 R 15 , PR 14 R 15 , CN, COOR 14 or 

(0-(CH 2 ) q Oq"-OR 14 , where R 14 and R 15 are identical 
or different and are each hydrogen or Ci~C 4 -alkyl 
and q' is an integer from 1 to 5 and q' ' is an 
integer from 1 to 8, 

or the monomer units III are compounds of the formula (Illb), 



10 R 1 ,^ 

(Illb) 



20 



30 



T 



A3 



15 where 

A 3 is COOR 16 or CN, where 

Ri6 is hydrogen or Ci-Ci 0 -alkyl . 



3. A supported catalyst as claimed in claim 1 or 2 , wherein the 
copolymer A) is crosslinked via the monomer units II. 



4. A supported catalyst as claimed in any of claims 1 to 3 which 
25 further comprises, as additional component D), one or more 

metal compounds which are different from C) and have the 
formula (X) 



M3 (R38) r (R39) s (R 4 °) t (X) 



where 



M 3 is an alkali metal, an alkaline earth metal or a 

metal of main group III of the Periodic Table, 
35 i.e. boron, aluminum, gallium, indium or thallium, 

r38 i s hydrogen, Ci-Cio-alkyl, C 6 -C 15 -aryl, alkylaryl or 

arylalkyl each having from 1 to 10 carbon atoms in 
the alkyl radical and from 6 to 20 carbon atoms in 
40 the aryl radical, 

R39 and R 40 are hydrogen, halogen, Ci-Ci 0 -alkyl , C 6 -Ci 5 -aryl, 
alkylaryl, arylalkyl or alkoxy each having from 1 
to 10 carbon atoms in the alkyl part and from 6 to 
45 2 0 carbon atoms in the aryl part, 
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is an integer from 1 to 3 



and 



5 s and t are integers from 0 to 2 , where the sum r+s+t 

corresponds to the valence of M 3 . 

5. A supported catalyst as claimed in claim 4, wherein the 
copolymer A) serving as support material has been pretreated 

10 with compounds of the formula (X) prior to application of 

metallocene complex B) and compound C) capable of forming 
metallocenium ions . 

6. A process for preparing supported catalysts as claimed in any 
15 of claims 1 to 5 , which comprises preparing copolymers 

comprising the monomer units I, II and III in solution or 
dissolving the copolymers in a suitable solvent after they 
have been prepared and adding the metallocene complex B) and 
the compound C) capable of forming metallocenium ions to this 
20 solution. 

7. A process for preparing supported catalysts as claimed in 
claim 6, wherein the copolymer A) is crosslinked at from 0 to 
150°C by means of a Diels-Alder reaction either before or 

25 after the addition of metallocene complex B) and compound C) 

capable of forming metallocenium ions. 

8. A process for preparing supported catalysts as claimed in 
claim 6 or 7, wherein the copolymer A) is pretreated with 

30 compounds of the formula (X) prior to the addition of 

metallocene complex B) and compound C) capable of forming 
metallocenium ions. 

9. A copolymer which comprises the monomer units I, II and Ilia 
35 and is suitable as support material for catalysts for the 

polymerization of olefins. 

10. A process for the polymerization of olefins in the presence 
of a supported catalyst as claimed in any of claims 1 to 5 . 

40 



45 
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Supported catalyst for olefin polymerization 
Abstract 

5 A supported catalyst for olefin polymerization comprises 

t material, a copolymer comprising the monomer units 



A) as suppor 

I, II and III 



10 



15 



20 



25 



30 



35 



where the monomer units I have the formula (I) and the 
monomer units II have the formula (II) , 



R2 



(I) 




(II) 



where the variables have the following meanings: 
Ri is hydrogen, d-C 4 -alkyl or phenyl, 

R2 is substituted or unsubstituted aryl or branched or 
unbranched alkyl or alkenyl. 



Ai is a direct" chemical bond or a substituted or 
40 unsubstituted phenylene group, 

R 3 are identical or different and are each hydrogen, 

Ci-C 10 -alkyl or substituted or unsubstituted phenyl, 



45 



p is an integer from 0 to 8, and 
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34 

33 

R 4 to R 7 are hydrogen, Ci-Cio-alkyl or substituted or 
unsubstituted phenyl, 

and the monomer units III have polar groups, 

5 

and 

B) at least one metallocene complex and 

10 C) at least one compound capable of forming metal locenium ions. 

A process for preparing such supported catalysts, copolymers 
suitable as support material and a process for the polymerization 
of olefins in the presence of a catalyst according to the present 
15 invention are also provided. 



20 



30 



35 



40 



45 
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(54) Title: SUPPORT CATALYST FOR OLEFIN POLYMERIZATION 

(54) Bezeichnung: TRAGERKATALYSATOR ZUR OLEFINPOLYMER1SATION 

^ JSJX Abstract: The invention relates to a support catalyst for olefin polymerization containing: A) a copolymer as support material 
^ c^^inlnr^nomer units having cyclopentadienyl radicals that can be optionally crosslinked by means of Diels-Adler reactions 
fs| and monomer units having polar groups, in addition to B) at least one matallocene complex and C) at least one metalloceniura ion 
OO forming compound The invention also relates to the production of said support catalysts as copolymers which are suitable as support 
OO materials and to a method for the polymerization of olefins in the presence of a catalyst disclosed in the invention. 

® (57) Zusammenfassung: Tragerkatalysator zur Olefinpolymerisation enthaltend A) als Tragennaterial ein Copolymerisat enthal- 
° tend Monomereinheiten, die Cyclopentadienreste tragen, welche gegebenenfalls iiber Diels-Adler Reaktionen vernetzt sein konnen, 
O und Monomereinheiten, die polare Grappen aufweisen, sowie B) mindestens einen Metallocenkomplex und C) mindestens eine 
^ metalloceniumionenbildende Verbindung, Verfahren zur HersteUung solcher Tragerkatalysatoren, als Tragennaterial geeignete Co- 
^ polymerisate sowie Verfahren zur Polymerisation von Olefinen in Gegenwart eines erfindungsgemassen Katalysators. 
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